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ABSTRACT 

Background: Antibiotics have transformed the medical field; however, the increase in antimicrobial resistance (AMR) 

threatens their effectiveness, particularly in Pediatric Intensive Care Units (PICUs), where critically ill children are 

highly vulnerable to infections. This study aimed to analyze the antibiotic utilization trends in a tertiary care PICU in 

Pakistan to improve antibiotic stewardship.  

Material and Methods: A prospective observational study was conducted in the PICU of a tertiary-care hospital in 

Karachi, Pakistan, from 1st June 2023 to 31st May 2024. All critically ill children (1 month to 15 years) admitted in the 

PICU, regardless of the antibiotic exposure were included, excluding immunocompromised children or those who were 

discharged before 72 hours. Antibiotics were categorized as empirical, therapeutic, or prophylactic. Empirical antibiotics 

outcomes after 72 hours were classified as "remains unchanged," "discontinued," "changed," or "continued as 

therapeutics".  

Results: Of 265 admissions, 257 (97%) received antibiotics, predominantly Empirical (89.1%). On the first day, 59.1% 

received monotherapy, primarily Ceftriaxone (57.9%); whereas 39.3% received dual-therapy, most often Meropenem-

Vancomycin (37.6%). After 72 hours, empirical therapy remained unchanged in 63% of cases, changed in 15.6%, 

discontinued in 16.2%, and continued as therapeutic in 5.2%. The median duration of antibiotic therapy was 5 days (IQR: 

4-8). The total multidrug-resistance organism (MDRO) rate was 7.6% and mortality rate was 6.6%. 

Conclusion: Antibiotics use in the PICU was extensive and predominantly empirical, with limited reassessment after 

initiation. These findings highlight the importance to strengthen antimicrobial stewardship practices, optimize antibiotic 

utilization, and mitigate the emergence of AMR in PICU.  
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BACKGROUND 

Antibiotics are crucial in treating life-threatening 

infections and preventing hospital acquired infections 

(HAIs), yet their misuse can cause significant 

disadvantages, including antibiotic resistance, adverse 

drug events, increased morbidity, and higher healthcare 

costs.1 Children admitted to Pediatric Intensive Care 

Units (PICUs) are particularly vulnerable to infections 

because of critical illness, invasive device use and 

prolonged hospitalization. Consequently, they are at 

increased risk of acquiring HAIs, which has been 

reported in 4.7%-20.2% of PICU cases.2-4 As a 

consequence, antibiotic utilization is more frequent in 

PICU settings, ranges from 50-100%, as have been 

reported in previous studies.3-8It has also become a norm 

to prescribe antibiotics to almost all admission in PICU 

regardless of the absence of any infectious  sign.5  

Additionally, children often receive broad-spectrum 

antibiotics, although narrow-spectrum antibiotics may 

be adequate.9 Another study found that 30–50% of 

antibiotics used were deemed inappropriate, with half of 

these antibiotics considered unnecessary.2,3 A study 

conducted in Karachi in 2016 reported that antibiotic 

use In a PICU was 42% empirical, 43% prophylactic, 

and 15% therapeutic.7 while a study conducted in 

Riyadh in 2020 reported these uses as 68.2%, 22.3%, 

and 9.5%, respectively.3 These differences likely reflect 

local demographics, hygiene, economic conditions, 

prescribing habits and local antibiotic resistance. 

A recent study from New Delhi, India, reported 

increasing resistance among common bacterial 

pathogens to third-generation Cephalosporins (4-100%) 

and Meropenem (27.8%-57%),8 highlighting the 
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growing burden of AMR in pediatric critical care 

settings.  

In 2015, the World Health Organization (WHO) 

launched a comprehensive global strategy to combat 

AMR.10 Antibiotics stewardship programs (ASP) are 

advised to reduce the inappropriate antibiotic use11 but 

this mandates an understanding of the local patterns of 

antibiotic use and rationale. Although, there are many 

studies on antibiotic use in PICU from developed 

countries, there remains a major knowledge gap in 

PICUs of developing nations, like in Pakistan. With the 

evolving resistance patterns, our study aims to evaluate 

antibiotic utilization patterns in a tertiary-care PICU 

through prospective medical record reviews, and 

identify areas of strengthening antimicrobial 

stewardship practices.  

 

MATERIAL AND METHODS 

This descriptive prospective observational study was 

conducted in a Pakistani tertiary-care PICU from 1st 

June 2023 to 31st May 2024 (IRB/ ERC letter number 

App # 0900-2023-LNH-ERC dated May 31st 2023. All 

children aged 1 month to 15 years admitted in our PICU 

for >72 hours, regardless of the antibiotic exposure were 

included.  Exclusion criteria were: age <1 month or >15 

years, discharge before 72 hours (as microbiological 

cultural and sensitivity results generally require 

approximately 72 hours to become available, limiting 

the ability to evaluate subsequent antibiotic-related 

decisions), immunocompromised status, or oncologic 

diseases. Only antibiotics administered during the PICU 

stay were included; treatments before or after the PICU 

admission were excluded. 

Sample size was calculated by WHO sample size 

calculator assuming prevalence of antibiotics use among 

children admitted in PICU as 80%,12 margin of error as 

5% and 95% confidence interval, yielding 246 patients. 

After adding contingency of 8% for missing and 

incomplete data, the final sample size was 265. Patient’s 

medical records were scrutinized daily. Consecutive 

patients entering the PICU, irrespective of their prior 

admission history, were included in the study, with PCU 

admission day was designated as day-1 of the study. 

Demographic details, clinical diagnosis, details of 

antibiotic use (type of antibiotic, name and length of 

treatment, change in the antibiotic regimen, total 

number of drugs prescribed, fate of empirical 

antibiotics), culture and sensitivity data and length of 

stay were recorded in an online Google spreadsheet. 

Antibiotic resistance data for all samples isolated during 

the period of study were also assessed. We followed 

STROBE guidelines. 

For empirical antibiotic therapy, outcomes after 72 

hours were categorized as discontinued, changed (based 

on microbiological results and/or clinical condition), 

remained unchanged (as there was no documented 

decision, resulting in continuation of the same 

antibiotics), and continued as therapeutic (when culture 

results demonstrated the same susceptibility). Days of 

Therapy (DOT) was defined as the total number of days 

a patient received each antibiotic agent, regardless of 

dosage. If a patient received more than one antibiotic 

simultaneously, each individual antibiotic received per 

day represents 1 DOT. Contaminants are defined as 

microorganisms isolated from cultures that were 

considered unlikely to present true infection bases on 

their clinical and microbiological findings. These 

typically included organisms commonly recognized as 

skin or environmental flora and isolated in the absence 

of clinical, laboratory, or microbiological evidence 

supporting infection. The MDRO rate was defined as the 

proportion of patients with at least one multidrug-

resistant organism isolated during hospitalization, with 

repeated isolates from the same patient counted as one. 

Similarly, the HAI rate represented the proportion of 

patients who developed at least one hospital-acquired 

infection, irrespective of the number of episodes. 

Data analysis was performed using SPSS version 27. 

Quantitative variables were presented as mean ± 

standard deviations or median with interquartile range, 

while qualitative variables were presented as 

frequencies and percentages. chi-square/fisher exact 

tests were applied to determine association between 

qualitative variables. p-value ≤0.05 were considered 

statistically significant. 

Ethical approval was obtained from the hospitals Ethical 

Research Committee (ERC # 0900-2023-LNH-ERC). 

Patients' confidentiality was maintained and informed 

consent was waived because the study involved the 

review of patient charts and laboratory reports only. 

 

RESULTS 

Of 265 children, 97% (257/265) received antibiotics. 

Further study analysis included only antibiotics 

recipients. Antibiotic recipients had a median age of 1.5 

years (IQR: 0.5-6.0 years) and a higher proportion were 
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of males (63.4%). Comorbidities were observed in 

33.5% of patients. Medical conditions constituted the 

main cause for admission (89.5%), with respiratory 

illnesses being the most common (43.0%) (Table-I). 

The study accounted for 1,304 patient-days and 1,958 

Days Of antibiotic Therapy (DOT), corresponding to 

approximately 1.5 antibiotic days/ patient. Antibiotic 

utilization was predominantly empirical (89.1%; 

229/257), while prophylactic and therapeutic use were 

10.1% (26/257) and 0.8% (2/257), respectively. Median 

number of antibiotics given to the children, throughout 

their stay in the PICU, were 2 (IQR: 1-2). 

Day-1 antibiotics: On admission, 59.1% (152) received 

monotherapy, predominantly Ceftriaxone (57.9%; 

88/152), followed by Piperacilin-tazobactam (25.7%; 

38/152) and Meropenem (7.2%; 11/152). Dual therapy 

rate was 39.3% (101), most commonly Meropenem-

Vancomycin (37.6%; 38/101), followed by Ceftriaxone-

Vancomycin (19.8%; 20/101) and Cefotaxime-

Amikacin (9.9%; 10/101). Triple therapy rate was 1.6% 

(4), predominantly Meropenem-Vancomycin-Colistin.  

Throughout hospitalization antibiotics: During the 

hospital stay, 42.4% were prescribed one antibiotic, 

35% were prescribed two, 14.4% were given three, and 

8.2% received more than three antibiotics. Ceftriaxone 

was the top prescribed antibiotic overall (48.6%), 

followed by meropenem (33.9%), vancomycin (33.9%), 

and piperacillin-tazobactam (27.6%).  

After 72 hours, empirical antibiotic therapy remained 

unchanged in 63.0% of patients, whereas treatment was 

changed in 15.6%, discontinued in 16.2% and continued 

as therapeutic in 5.2%. Median duration of antibiotic use 

was 5 days (IQR: 4-8). Most patients (66.9%) were 

given antibiotics for less than 7 days. While 19.1% 

received antibiotics for 8–14 days, and 14%for >15 

days. Prophylactic antibiotics mainly included 

ceftriaxone (63.0%) or vancomycin (37.0%) separately, 

or combinations of ceftriaxone-vancomycin (50.0%) 

and meropenem-vancomycin (30.8%).  

Age- stratified analysis revealed greater use of amikacin 

(86.7%, p =0.001) and cefotaxime (94.7%, p <0.001) in 

infants and piperacillin-tazobactam in children under 

five years (86.0%, p=0.017), without significant age-

based differences in other antibiotics and outcomes 

(Table-II). 

Among the 257 children who received antibiotics, 

cultures were sent for only 237 children during their 

hospitalization.  

Day-1 cultures: Out of 237 children, 258 culture 

samples were sent from 228 children (228/237 = 96.2%) 

on day-1 of admission, showing an overall positivity 

rate of 26% (67/258). Among 216 blood culture 

samples, only 7.9% (17/216) showed growth of 

pathogens and 18.5% (40/216) were contaminants.  

Most common isolates on Day-1 culture: XDR 

(Extensively Drug-Resistant) Salmonella Typhi (27.8%) 

was the most common pathogen in blood samples, 

whereas Methicillin-resistant Staphylococcus aureus 

(MRSA) predominates in non-blood samples (20%). 

Vibrio cholera represented 43.5% of isolates from stool 

samples.  

Overall Cultures during hospitalization: During 

hospitalization, 434 samples were sent for culture from 

257 patients. The overall positivity rate was 26.5% 

(115/434). Blood culture which constituted the majority 

of samples, demonstrated a low pathogen yield 10.6% 

(31/292) with a high contamination rate 16.8% (49/292). 

Whereas, no contamination was observed in non-blood 

specimens. Positivity rates were highest in other (non-

blood) specimens, including, pus, wound, pleural and 

peritoneal fluid (46.7%; 7/15), stool (46.2%; 6/13), 

tracheal aspirates (44.4%; 8/18), followed by urine 

(20.7%; 12/58) and cerebrospinal fluid cultures (5.3%; 

2/38). 

Th most common bloodstream isolate was XDR 

Salmonella Typhi, followed by Stenotrophomonas 

maltophilia, MDR (multidrug resistant) Acinetobacter, 

MRSA, Enterococcus species and Candida albicans.  

Resistance patterns: Analysis of the antimicrobial 

resistance patterns according to CLSI criteria, indicated 

that ESBL (Extended-spectrum Beta-lactamase) -

producing Escherichia coli exhibited 100% resistance to 

third-generation Cephalosporins and Piperacillin-

Tazobactam while showing 100% sensitivity to 

Carbapenems. Likewise, XDR Salmonella Typhi also 

showed 100% resistance to third-generation 

cephalosporin. Carbapenem resistance among the MDR 

Acinetobacter isolates was found to be at 75%, while 

50% of Enterococcus isolates were resistant to 

Penicillin.  

The overall prevalence of MDR pathogens was 7.6%. 

This burden was predominantly included MDR 

Acinetobacter species, XDR Salmonella Typhi and 

ESBL-producing organisms.  

Clinical outcomes including HAIs, multi-organ 

dysfunction syndrome (MODS) and mortality were 
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observed in 5.7%, 16% and 6.6% cases, respectively.  

The median hospital stay was 4 days (IQR: 3–6 days). 

Significant association was found between the number 

of antibiotics used and clinical outcomes. A higher 

proportion of patients receiving antibiotics for ≥3 days 

had prolonged hospitalization (>7 days; 41.4% vs 

7.0%), higher rates of severe complications (MODS: 

43.1% vs 8.0%; HAI: 17.2% vs 2.5%), and greater 

mortality (19.0% vs 3.0%), compared with those treated 

for <3 days. (Table-III). 

Among 257 patients, 33.1% (85) received antibiotics for 

>7 days. Regression analysis revealed invasive devise to 

be independently associated with prolonged therapy 

(aOR: 2.46, p=0.049), while use of<3 antibiotics were 

significantly protective against prolonged therapy 

(aOR: 0.078, p<0.001) (Figure-1a). For HAIs, invasive 

device use (aOR: 3.76, p=0.046) and MODS (aOR: 

10.38, p=0.002) were significant predictors. (Figure-1b)

 

Table-I: Sociodemographic and clinical characteristics of children admitted in pediatric intensive care unit 

prescribed at least one antibiotic (n=257). 
 n (%) 

Age (years); median (Q1-Q3) 1.50 (0.50 – 6.00) 
Gender; Male 163(63.4) 
Co-morbidity 86(33.5) 
Invasive devices 41(16) 
Admission Type  
Medical 230 (89.5) 

System Involved (n=230)  
CNS 39(17) 

Respiratory 99(43) 
GIT 26(11.3) 
CVS 6(2.6) 

Multisystem 52(22.6) 
Hematology 2(0.9) 

Other 6(2.6) 
Surgical 11 (4.3) 
Trauma 16 (6.2) 
Hospital Acquired Infection  15 (5.7) 
Multi-organ dysfunction Syndrome (MODS) 41 (16) 
Mortality 17 (6.6) 

Duration of antibiotic use; median (Q1-Q3)  5 days (4-8) 
Length of hospital stay; median (Q1-Q3) 4.00 (3.00 – 6.00) 

 

Table-II: Antibiotic utilization patterns and clinical outcomes by age group. 

 n (%) p-value 

Variable <1 year 
(n=102) 

1-5 years 
(n=87) 

>5 years 
(n=68) 

Number of antibiotics     

<3 75 (37.7) 67 (33.7) 57 (28.6) 0.276 
≥3 27 (46.6) 20 (34.5) 11 (19.0) 
Most common Antibiotic Agents     

Amikacin 13 (86.7) 1 (6.7) 1 (6.7) 0.001* 
Cefotaxime 18 (94.7) 0 (0) 1 (5.3) <0.001* 
Piperacillin-Tazobactam 31 (43.7) 30 (42.3) 10 (14.1) 0.017* 
Meropenem 33 (37.9) 30 (34.5) 24 (27.6) 0.917 
Vancomycin 36 (41.4) 26 (29.9) 25 (28.7) 0.618 
Ceftriaxone 44 (35.2) 46 (36.8) 35 (28.0) 0.354 
Colistin 11 (47.8) 10 (43.5) 2 (8.7) 0.127 
Linezolid 4 (22.2) 8 (44.4) 6 (33.3) 0.288 
Clinical Outcomes     

MODS     
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Yes 17(41.5) 13(31.7) 11(26.8) 0.948 
No 85(39.4) 74(34.3) 57(26.4) 
Mortality     
Yes 9 (52.9) 4 (23.5) 4 (23.5) 0.510 
No 93(38.8) 83(34.6) 64(26.7) 
Hospital Stay (days)     
≤3 33(33.7) 31(31.6) 34(34.7) 0.116 
4-7 53(43.8) 45(37.2) 23(19) 
>7 16(42.1) 11(28.9) 11(28.9) 

Chi-Square/fisher exact test was applied, P-value≤0.05 considered as Significant, *Significant at 0.05 levels, percentages represent row 

percentages unless specified otherwise 

 

Table-III: Association of number of antibiotics with hospital stay, morbidity, mortality and hospital acquired infection. 

 Number of antibiotics n (%) p-value 

 <3 (n=199) ≥3 (n=58) 

Hospital Stay    

≤3 days 89(44.7) 9(15.5) <0.001* 
4-7 days 96(48.2) 25(43.1) 
>7 days 14(7) 24(41.4) 

MODS    

Yes 16(8) 25(43.1) <0.001* 
No 183(92) 33(56.9) 

Mortality    

Yes 6(3) 11(19) <0.001* 
No 193(97) 47(81) 

Hospital acquired infection (HAI)     

Yes 5(2.5) 10(17.2) <0.001* 

No 194(97.5) 48(82.8) 

 

 

 
Figure-Ia: Forest Plot for binary regression analysis of factors associated with prolonged antibiotic use (> 7 days). 
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Figure-Ib: Forest Plot for binary regression analysis of factors associated with hospital acquired infections  
 

DISCUSSION 

The antibiotic utilization rate observed in the study was 

substantially higher than the WHO benchmarks of 20%-

26.8%8 and reports from Saudi Arabia (18.5%).13 

However, similar findings were reported from Italy 

(74.2%),11 India (79.4% and 59.96%)14,15 and Pakistan 

(100%)7, suggesting that extensive antibiotic exposure 

remains common in critically ill children, particularly in 

low- and middle-income countries where critically ill 

children often require prompt empirical treatment.  

The frequency of empirical antibiotic use in our study is 

substantially higher than the 42% use reported by Abbas 

et al.7 This, likely reflects the challenges of managing 

critically ill children including the diagnostic 

uncertainty, clinical deterioration,1,3,16 and the high 

frequency of culture-negative sepsis or localized 

infections.17 Despite the low bloodstream culture 

positivity observed in the present study, empirical 

therapy frequently remained unchanged after 72 hours 

in nearly two-third of cases, suggesting persistent 

diagnostic uncertainty, possible over-treatment, delayed 

culture reporting and limited routine antimicrobial 

stewardship review rounds led by infectious disease 

specialists/ pharmacists, consistent with reports from 

PICUs in Germany and Brazil.18 These findings 

emphasize the importance of antimicrobial stewardship 

and timely microbiological support to facilitate culture-

guided de-escalation. Limited use of rapid diagnostic 

tool may also have contributed to delayed antibiotic 

optimization, as multiplex PCR and GeneXpert were 

used in only 18% of cases, similar to the findings of 

previous studies.2,16 Howard et al. suggests that these 

technologies may potentially make the de-escalation of 

the culture-negative cases quicker and decrease the use 

of Watch-class antibiotics. 19 

Although, the mean duration of antibiotic exposure was 

relatively shorter (5 days) as compare to 6.6 days in 

Kumari et al,1 one-third of the children still received 

antibiotics for >7 days, often extending beyond 14 days 

in HAIs. These findings are consistent with previous 

studies from Saudi Arabia,3 Ethiopia,4 and India14. Our 

study highlights that invasive device use remained a key 

determinant of both prolonged antibiotic exposure and 

HAIs. This likely reflects greater illness severity and 

potential AMR, underscores the need for cautious 

prescribing practices. These findings are consistent with 

previous studies,4 reinforcing the importance of 

antimicrobial stewardship and strict infection control 

measures in PICU settings.    

More than half of the children received combination 

therapy., and exposure to 3 or more antibiotics was 

associated with prolonged hospitalization, higher rates 
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of MODS, HAIs, and mortality. Although combination 

therapy may be clinically justified in selected high-risk 

situations, excessive use of multiple agents may 

increase antimicrobial resistance and warrants careful 

monitoring to avoid unnecessary polypharmacy. These 

findings support previous study by Singh MP et al.14, 

highlighting the relationship between antibiotic burden 

and adverse clinical outcomes.  

Another notable finding was the low pathogen yield of 

blood culture together with a contamination rate of 

16.8%, which greatly exceeded the CLSI-recommended 

benchmark of <3%.20 This may reflect gaps in aseptic 

techniques, phlebotomy practices, or laboratory 

processing. Fixing these gaps may enhance diagnostic 

accuracy and facilitate more rational antimicrobial 

prescribing.  

In particular, isolates of ESBL-producing Escherichia 

coli showed 100% resistance to the third-generation 

cephalosporin and piperacillin-tazobactam while 

exhibiting 100% susceptibility to the carbapenems. 

Similarly, XDR Salmonella Typhi demonstrated 

complete resistance to third generation cephalosporin. 

MDR Acinetobacter demonstrated 75% resistance to 

carbapenems, while 50% of Enterococcus isolates 

showed resistance to penicillin using CLSI criteria. 

These results highlight the progressive emergence of 

MDRO in pediatric intensive care units (PICUs) and 

underscores the need for continuous surveillance to 

guide empirical therapies and limit the emergence and 

spread of resistant organisms.  

The predominance empirical use of Meropenem, 

vancomycin, piperacillin-tazobactam and colistin in the 

study reflects both the severity of illness and the 

prevalence of the MDRO. While use of these broad-

spectrum agents may be clinically justified in selected 

patients, excessive reliance on reserve antibiotics may 

perpetuates resistance evolution.3,5,21 Strengthening 

antimicrobial stewardship through prospective audit and 

feedback (PAF) led by infectious disease specialists/ 

pharmacists,11,19 timely antibiotic review,5,14  improved 

diagnostic capabilities,11,21 adherence to WHO AWARE 

recommendations,3,5 and strict infection prevention 

practices,  may help optimize antibiotic use and limit 

antibiotic resistance.  

These findings are relevant to lower- and middle-

income countries (LMICs), where antibiotic usage is 

expected to grow by 200% by the year 203022 and 

tailored stewardship approaches could prevent 10 

million deaths related to antibiotic resistance annually 

by the year 2050.23,24  

This study has several limitations. Being a single-center 

study with a relatively small sample size may limit 

generalizability to other PICU in Pakistan. Inclusion of 

only children admitted for >72 hours might have 

underestimated overall antibiotic exposure. 

Furthermore, we did not assess illness severity scores, 

antibiotic appropriateness according to WHO AWaRE 

or IDSA guidelines, the institutional and patient-related 

factors underlying high culture contamination rates and 

excessive antibiotic use, or the LMIC-specific barriers 

like prescriber adherence and limited resources, which 

were beyond our scope. Future multicentre studies 

should address these factors and evaluate the impact of 

antimicrobial stewardship interventions on prescribing 

practices, resistance patterns and clinical outcomes.25 

 

CONCLUSION 

Antibiotic utilization in critically ill children was 

predominantly empirical, with limited reassessment. 

The observed prescribing patterns and emerging 

resistance trends highlights the important antimicrobial 

stewardship challenges and the need for improved 

diagnostic support, therapy reassessment and effective 

infection prevention to curb antimicrobial resistance. 
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